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ABSTRACT 
Allergen Exposure in Laboratory Animal Care Workers 
Joshua T. Glueck, MPH Candidate 
Dr. Igor Burstyn, PhD (Advisor) 
Dr. Richard Huneke, DVM, MPH (Preceptor) 
 
Background:  The number of workers exposed to animals or animal products in US range from 
40,000 to 2 million.  Urine is the main source of allergenic proteins in rats and mice and as this 
urine is aerosolized to form particles, it can enter into the respiratory tract. Little is known 
about levels and determinants of these exposures in USA. 
Objective:  To investigate the relationship between features of work (tasks, exposure controls 
in place, type and number of animals cared for) in animal rearing facilities and levels of personal 
dust and allergen exposures. 
Methods:  Personal air sampling during their 8-hour work shift for the 5-day work week was 
performed on each worker.  Filter samples were weighed for dust content both before and 
after sampling; dust was assessed for presence of mice and rat urinary allergens via 
immunoassay. The activities of the sampled laboratory animal workers were observed 
throughout the sampling shifts.  Each participant was questioned about tasks they performed 
that day.  The methods of preventing exposure to allergens were recorded each day.  Exposure 
levels were related to characteristics of workplace and work’s activities in statistical analysis. 
Results:  Only 30 dust measurements were usable for total dust analysis, but all 39 samples 
were analyzed for the allergens.  Personal dust exposures had geometric mean (GM) 0.2 mg/m3 
and wide variability: geometric standard deviation (GSD) of 4.9 with most of variability related 
to differences in work from day-to-day.  Only for duration of one of the studied tasks was there 
a suggestion of a positive association with exposure to dust: “moving cages”.  The lowest dust 
exposures were seen among persons who performed “set-up” tasks (GM= 0.08 mg/m3). 
Sanitation was likewise associated with reduced dustiness, most likely due to the fact that this 
is a cleaning task that is only performed by wiping rooms with sanitation liquids.  Feeding and 
watering the animals is associated with a three-fold increase in personal exposure (GM=0.21 
mg/m3) compared to other tasks (GM=0.03 mg/m3).  Analyses of associations of work features 
with exposure to allergens suggest that number of rats/mice is related to level of respective 
allergens in the air and that workers performing cage wash tasks undergo higher exposures to 
allergens than other tasks. 
v 
Conclusions:  Further research should be performed to better determine the important 
pathways that cause personal exposures of laboratory animal workers in and to continuously 
evaluate effectiveness of exposure control measures in place. 
1 
CHAPTER 1 BACKGROUND 
Allergy is a common occupational hazard for workers exposed to laboratory animals.  
Workers exposed to animals are at risk of occupational asthma, contact dermatitis or urticaria, 
rhinitis, and conjunctivitis, with components of the urinary protein of rats and mice being the 
major allergens involved in these illnesses (Katherine M Venables, D J Gordon et al. 1988).  
Symptoms can also vary in severity.  They can vary from mild upper respiratory tract symptoms 
to severe, life-threatening asthma, and in rare cases anaphylactic episodes can follow animal 
bites (Gordon 1997).  In a study performed by Cullinan et al. (1999), researchers examined the 
relations between animal allergens and the development of allergies and found that certain 
endpoints, such as chest and skin symptoms, are associated with increasing intensity of 
exposure to rat urinary allergy (RUA).  In another study, relationship was found between 
increasing cumulative exposure and sensitization to RUA (L Elliott 2005).  This suggests that 
with increased exposure, there are many corresponding symptoms and diseases which may 
arise.  While asthma is the most threatening of these diseases, the others can be quite crippling 
and can cause one to become permanently disabled. 
The World Health Organization currently estimates that nearly 300 million people 
worldwide suffer from asthma (WHO 2010).  Of those 300 million cases, the Occupational 
Safety and Health Administration (OSHA) reports that an estimated 11 million workers involved 
in various industries and occupations are exposed to at least one of the numerous agents 
known to be associated with occupational asthma (OSHA 2010).  Additionally, occupational 
factors are known to be associated with up to 15 percent of disabling asthma cases in the 
United States alone (2010).  Asthma can be defined as a chronic lung disorder which is 
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characterized by symptoms of coughing, wheezing, and chest tightness (Jean F. Regal 2007).  
More specifically, occupational asthma is a type of asthma that is caused by a specific agent in 
the workplace.  This particular paper will focus on exposure to animal allergens that were 
implicated in occupational asthma and other work-related allergies. 
The National Institute of Occupational Safety and Health (NIOSH) estimates that the 
number of workers exposed to animals or animal products range from 40,000 to 2 million 
(NIOSH 1998).  Allergens can be found in dander, hair, saliva, urine and serum (Jeal and Jones 
2010).  However, urine is the main source of allergenic proteins in rats and mice (Newman 
Taylor AJ 1977).  This urine can become aerosolized which allows it to enter into the respiratory 
tract and lungs.  Animal allergens are carried on a wide range of particle sizes, which can remain 
airborne for extended periods of time adding to their danger (Jeal and Jones 2010).  Several 
studies, however, have demonstrated that the relationship between exposures to aeroallergens 
from laboratory rodents and sensitization and symptoms is complex (Jeal and Jones 2010).  
They have found that the dose–response relationships between animal allergen and symptoms 
or sensitization have been shown, in both prospective and cross-sectional studies, to be non-
linear (Jeal and Jones 2010).  As such, importance of this research project will be placed on how 
work activities affect exposure levels to allergens and dust. 
In order to assess the animal allergens, the research team will be utilizing personal air 
samplers.  A previous study that investigated the effectiveness of personal air samplers to 
monitor for animal rat and mouse aeroallergens found that the detection limits of 0.1 ng/m3 for 
mouse urinary protein (MUS) and 0.8 ng/m3 for rat urinary proteins were established (Korpi, 
Mantyjarvi et al. 2004).  This information led them to the conclusion that while the sensitive 
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assays will help to perform risk assessment in laboratory animal work, there remains a lack of 
standardized analytic procedures and occupational exposure limits for laboratory animal 
allergens (Korpi, Mantyjarvi et al. 2004). 
Sensitization also plays a key factor in the development of allergies.  In a study 
performed in Poland, it was found that the prevalence of asthmatic and ocular symptoms were 
statistically more prevalent in veterinarians sensitized to laboratory animal allergens versus 
non-sensitized subjects (Krakowiak, Wiszniewska et al. 2007).  Thus, the number of years that 
workers have worked in the facilities may play an important role in their development of 
allergies.  Other important factors to consider are the number of animals in the room, the use 
of filter top cages, and the days on which certain tasks are performed.  A study performed in 
seven different laboratory animal facilities found that each of these factors were important 
determinants of rat and mouse urinary allergens in the air (Hollander, Heederik et al. 1998).  
This research helps to justify our projected study and the necessity to perform industrial 
hygiene testing to support worker protection. 
It is suggested that “if a hygienist is performing an exposure monitoring study record 
factors such as work tasks, equipment used, environmental conditions, existing controls, etc., 
subsequent data analysis should identify which are sources of exposure or effective 
controls”(Burstyn and Teschke 1999).  Since this study will monitor these exact conditions, it is 
important that factors such as personal protective equipment and engineering controls be 
recognized and evaluated for their effectiveness. 
NIOSH conducted a study on asthma in animal handlers and concluded that respiratory 
illnesses in animal handlers can result in respiratory symptoms that can lead to permanent 
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disability (OSHA 2010).  According to results from this study, NIOSH included various ways in 
which workers should protect themselves from animal allergens including but not limited to 
ventilated animal cage racks, clean work areas, absorbent pads for bedding, protective 
equipment, avoiding skin contact, and many others (NIOSH 1998).  One study investigated nasal 
air sampling, which is considered to be a relevant and sensitive complement to personal air 
sampling.  This study concluded that the use of P2 facemasks and fresh-air helmets may 
substantially reduce occupational exposure to inhaled allergens (Renstrom, Karlsson et al. 
2002).  It has also been suggested that the risk of laboratory animal asthma (LAA) increases 
with duration of exposure to animals and work in animal related tasks (Elliott, Heederik et al. 
2005). As such, workers might be able to utilize controls by modifying their work schedules to 
work less and decrease their exposure duration. 
The objective of this Community-Based Masters Project was to investigate the 
relationship between worker job description and airborne concentrations of dust as well as rat 
and mice urinary allergen exposure in two laboratory animal research facilities in Philadelphia, 
PA.  
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CHAPTER 2 RESEARCH DESIGN & METHODS 
2.1.1  Rationale and framework 
It was decided that this study would focus on the empirical modeling of inter-individual 
and day-to-day exposure variability in the study population.  Thus, we decided that a panel 
study design would be the most appropriate method for obtaining that objective.  To 
accomplish this, we set out to collect exposure measurements for each individual in the 
recruited animal laboratories.  Each worker performed personal air sampling during their 8-
hour work shift for the 5-day work week.  This study focused on animal laboratory workers 
because: a) the scientific literature revealed little information on exposures that occur in such 
settings, and b) with regard to the prevention of allergies and other illnesses associated with 
animal exposure, it appears reasonable to focus efforts on controlling exposures among animal 
laboratory workers in general because they appear to be at greatest risk for developing such 
illnesses according to my review of literature in Chapter 1.   
2.1.2  Recruitment and sample development 
The sample for this study is defined by animal care staff members at two research 
facilities.  Four animal care staff members (3 male, 1 female) from Laboratory 1 and three 
animal care staff members (1 male, 2 females) from Laboratory 2 were involved in the study.  
However, two students were also included at Laboratory 1.  This was due to the fact that one of 
the workers was on restrictive duty and had the students performing their cage changing tasks.  
Thus, we utilized this unique opportunity to observe and evaluate the point exposures for these 
two students.  At each of these facilities, there is one animal care staff member whose sole task 
is to wash and clean animal cages.  While other animal care staff will sometimes assist with this 
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task, others’ primary tasks include unpacking and caging new animal deliveries, daily 
observations, feeding and watering animals, moving cages, autoclaving, changing cages, and 
sanitizing rooms once a month. 
Subjects were recruited via consent letter for their willingness to participate in the 
research; a voluntary task of which they may refuse and were allowed to withdraw from the 
study or refuse to provide information.  Additionally, animal care staff members were informed 
of the aims of the research during this time.  Due to the limited number of employees at the 
facilities, subjects were not screened, but background information was recorded.  This included 
but was not limited to age, sex, ethnicity, years working at the facility, duties, and other 
information that was deemed important by the researchers. 
2.2  Description of facilities 
During the time of our research, Laboratory 1 was known to be housing 460 mouse 
cages (3-5 mice/cage; 1,380-2300 mice), 26 rat cages (2 rats/cage; 52 rats), 5-6 rabbits, and 3 
swine/week.  Laboratory 2 housed 7 cats, 296 mouse cages (3-5 mice/cage; 888-1,480 mice), 
and 237 rat cages (2 rats/cage; 474 rats).  All mice are housed in a Micro-VENT type mouse cage 
system with in and out HEPA airflow.  The ventilation unit in these cage systems performs 60 air 
changes/hour.  While all mice are housed in these cage systems, all rabbits, cats, and rats are 
housed in static open-air cages.  Additionally, in each of these rooms there are room filters that 
provide an air exchange of 10-15 air changes/hour. 
In order to keep the animals healthy their cages must be changed periodically.  They are 
changed once/week for mice, twice/week for rats, and thrice/week for rabbits.  Before these 
cages are washed, they must first be transferred to the washing room.  A cage-dumping station 
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is situated in these rooms.  The dumping station is comprised of a hood vent with a trash can 
below.  The hood vent aids by sucking any air particles through the filter to minimize allergen 
particles in the air.  Other variables include the PPE that is utilized.  Most animal care staff 
memberswear scrubs with a disposable lab coat, gloves, and typically no mask although some 
staff members will sometimes wear surgical/isolation masks during work.  In barrier rooms, it is 
mandatory to wear a cap, mask, gloves, isolation gown, and shoe covers.  This is done in order 
to protect the animals from any human contamination.   
Another factor that is believed to play into dust and allergen counts is the type of 
bedding used.  Facility 1 uses corncob bedding because it is less dusty.  However, facility 2 uses 
woodchips for spinalized rats and AlphaDry, a paper product, for other animals.  This difference 
in bedding may show differing levels of dust and allergen exposure.  There are also various 
utility items that are included in the facility rooms.  Each room is to be situated with an ATS-5 
animal transfer station that is HEPA filtered and is 99.99% efficient at filtering particles of .3 
micron and smaller when placed under the hood.  These hoods are soon going to be replaced in 
the facility 1 with PH-ATS5L animal transfer stations which have the same air flow specs.  Not all 
rooms at the facility 1 have these animal transfer stations while all rooms at facility 2 have 
them and utilize them to their full potential. 
2.2.1  Collection of personal inhalable dust samples 
The particulate samples were collected on Zefon 37-mm diameter 0.8 µm pore size MCE 
filters with PVC support.  These filters were contained in three-piece cassettes.  Standard 
personal sampling pumps (Sidepak Models 730 & 330) were used to draw air through the 
filters.  The pumps were originally calibrated to a flow rate of 2.5 L/min at each sampling site 
8 
immediately prior to the commencement of sampling.  However, they were then adjusted to 
2.75 L/min since initial filter weights decreased rather than increasing.  Flow rates were re-
measured at the end of sampling.  Air flow though sampling apparatus was measured as an 
average of 10 readings by a frictionless piston (DC-1 Flow Calibrator, BIOS International). 
On sampling days, laboratory animal workers were asked to wear sampling devices for 
the duration of their work-shifts.  The duration of sampling was recorded. 
2.3  Gravimetric analysis 
Filters used to collect dust were weighed for dust content both before and after 
sampling.  The filters were equilibrated at a stable temperature and relative humidity for 4 
hours prior to both pre- and post-sampling triplicate weighings on a microbalance readable to 
0.001 mg (Orion Cahn C-33). 
Let us define following variables: 
Mi = arithmetic average of triplicate weights of a filter pre-sampling (i) for sample of worker (mg) 
Mf = arithmetic average of triplicate weights of a filter post-sampling (f) for sample of worker (mg) 
Qi = flow rate through a sampling assembly pre-sampling (i) for sample of worker (m3/min) 
Qf = flow rate through a sampling assembly post-sampling (f) for sample of worker (m3/min) 
T = duration of sampling for sample of worker (minutes). 
Inhalable dust exposure measured by sample of worker (referred to as “dust”) was calculated 
as Dust = (Mf - Mi)/(((Qf + Qi)/2)*T). 
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2.4  Quality control for Allergen Quantification 
This task was performed for one week at each facility and a total of 45 filter samples 
were collected, which included 6 field blanks used for quality control.  These filter samples were 
analyzed for allergens at EMLab P&K.  At the lab, ELISA testing was performed utilizing a 
standard curve for each plate. The curve may not be linear throughout and only a certain (the 
most linear) range of the curve is used for the quantitation.   This means that, theoretically, 
there could be detection below the linear part of the curve.  In the experiments and set up, the 
linear part of the curve starts very close to the background signal and the lab do not distinguish 
between detection and quantitation.  
The following steps were utilized in ELISA testing for both rat and mouse allergens 
according to Indoor Biotechnologies (2011) protocol:  
“Anti-Mus m 1 Polyclonal Ab was supplied HPLC purified as a stock solution at 2mg/ml in PBS.  
Anti-Rat n 1 mAb RUP-6 was supplied HPLC purified as a stock solution at 1mg/ml in PBS. These 
were then diluted 1/1000 (i.e. 10μl/10ml) in 50 mM carbonate-bicarbonate buffer, pH 9.6.  
Polystyrene microtiter wells were then coated with 100μl of the diluted Anti-Mus m 1 and Anti-
Rat n 1 per well. These were then incubated overnight at 4°C.   
The next day, wells were washed 3x with PBS-0.05% Tween 20, pH 7.4. They were then incubated 
for 30min at room temperature with 100μl 1% BSA-PBS-T and again washed 3x with PBS-T. 100μl 
of diluted allergen standard and the filters were then submerged in 1 ml buffer (PBS-Tween) in a 
15 ml centrifuge tube, rotated for at least 2 hrs and then diluted 1:2 with PBS-Tween. The extract 
was then not further diluted and transferred into the ELISA plates.   
Mus m 1 and Rat m 1 control curves were then created using doubling dilutions of the Universal 
Allergen Standard: The control curve dilutions are from 25-0.05ng/ml Mus m 1 and 100-0.2ng/ml 
Rat n 1. 20μl allergen standard was then pipetted into 180μl 1% BSA PBS-T into wells A1 and B1 
of the ELISA plate. They were mixed well and 100μl was transferred across the plate into 100μl 
1% BSA PBS-T diluent to make 10 serial doubling dilutions. Wells A11, B11, and A12 and B12 
contained only 1% BSA PBS-T as blanks. Samples are routinely diluted two-fold from 1/10 -1/80.   
Wells are then washed 3x with PBS-T and 100μl diluted biotinylated anti-Mus m 1 and anti-Rat n 
1 are added. The antibody solution contains 50% glycerol and should be diluted 1/1000 (i.e. 
10μl/10ml) in 1%BSA-PBS-T. Incubate for 1 hour at room temperature.   
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Wells were then washed 3x with PBS-T and 100μl diluted Streptavidin-Peroxidase (Sigma S5512, 
0.25mg reconstituted in 1ml distilled water) was added. The reconstituted Streptavidin should be 
diluted 1/1000 (i.e. 10μl/10ml) in 1% BSA PBS-T and then incubated for 30 minutes at room 
temperature.  
 Wells were washed 3x with PBS-T and assays were developed by adding 100μl 1mM ABTS in 
70mM citrate phosphate buffer, pH 4.2 containing a 1/1000 dilution of 30% H2O2 ( i.e. 
10μl/10ml ABTS).  Plates were then read when the optical density at 405nm reached 2.0-2.4. For 
the higher values that fall into a non-linear range the laboratory makes dilutions and perform re-
runs.” 
More information about this process can be found in the appendix.  For practical purposes, 
results MQL and detection limit are the same. 
2.5 Collection of information on determinants of exposure 
The activities of the sampled laboratory animal workers were observed throughout the 
sampling shifts and recorded at fifteen-minute intervals.  If a task was performed in any fifteen-
minute interval, a check-mark was made on a checklist corresponding to that task and time 
interval.  Tasks were defined as a result of discussion of worker tasks with the labs’ Director. 
At the end of each air sampling day, each sampled animal laboratory worker was 
questioned about what sort of tasks they performed that day.  Additionally, the methods of 
preventing exposure to allergens (use of personal protective equipment, animal transfer 
stations, and cage dumping stations) and whether they were successfully utilized were 
recorded each day (appendix Form 1 and Table 3) 
Following the method of Burstyn, Teschke et al. 1997, it was assumed that all tasks 
performed in a 15 minute interval were of equal duration.  Then, time (in minutes) spent per 
task T was defined according to the following formula: 
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where mi = total number of check-marks corresponding to all 
tasks in time interval i 
 
2.6  Data analysis 
Data were summarized descriptively for each of the exposure measures over both 
animal laboratories, by animal laboratory and tasks performed (means, standard deviations, 
geometric means (GM), geometric standard deviations (GSD), and ranges).  The distribution of 
each of the exposure measures was examined using frequency histograms, and tested for 
normality using Q-Q plots.  It was anticipated that log-normal distributions would be observed 
for the exposure measures, necessitating ln-transformation of the observed exposure measures 
prior to their entry into a simple regression models that related each continuous determinant 
of exposure (time per task, self-reported exposure scale, number of animals handled) to 
exposures one at a time.  Regression residuals were examined for homoscedasticity in standard 
plots. Values that were below the detectable limit (BDL) were replaced by ½ method 
quantitation limit (MQL) for the two allergens.  Between-worker and day-to-day variances in 
exposure were estimated in on-way analysis of variance (ANOVA) models. SPSS version 18.0.0, 
and Excel 2010 were used in data analysis. 
15 / mi
all i in which task T was observed
∑  
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CHAPTER 3 RESULTS 
Sampling took place over two weeks; one week was spent at each facility in March 2011.  
During that time period, seven workers and two students were sampled.  The average duration 
of sampling was 8 hours, but for the two students only two hours of work was sampled. A total 
of 30 dust and 39 allergen measurements were collected with up to 5 repeated measurements 
from subjects (Monday to Friday). 
3.1 Personal exposure to total dust  
A description of the variables considered as potential determinants of animal allergen 
dust exposure are presented in Tables 1 and 2.  When evaluating samples, only 30 were able to 
be utilized since 9 were found to have negative values due to error in lab procedure and were 
excluded from the study. 
Of the remaining 30 worker-days, it was important to note that 10 did not utilize animal 
transfer stations.  Additionally, 20 worker-days did not utilize cage dumping stations.  However, 
this value is not unjustified; in fact, it shows that the two cage washers utilized the cage 
dumping stations each day that they worked.  Feeding and watering were coupled because 
their values were exactly the same since the two tasks always coincided.  Table 1 indicates that 
the task that occupied most of workers’ days was washing cages (mean (M)=103 min, inter-
quartile range (IQR) =0-266 min) while lest amount of time was devoted to unpacking & caging 
new deliveries (IQR=0-7min) and moving cages (IQR=0-27min) (M=10 min each).  Feeding and 
watering animals had very similar values, which is fitting since the tasks were typically 
performed simultaneously (M=.007) (IQR = 17-60).  Additionally, changing cages took up a good 
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amount of time during the week (M = 29) (IQR = 0-45).  Masks were utilized by the majority of 
workers with the majority of the workers wearing surgical masks when working in the rooms.  
However, the cage washers and one worker reportedly allergic to rabbits utilized N-95 
respirator masks for enhanced protection.  N-95 respirators are a type of particulate filtering 
face piece respirator that filters at least 95% of airborne particles.  It is interesting to note that, 
according to the dust results, workers that wore N-95 masks (GM = 0.09) were actually at less 
risk of exposure than those who did not wear them (GM =0.23).  Additionally, neither dumping 
stations nor animal transfer stations, both protective measures, seemed to have an effect on 
the levels of personal dust exposure. 
There was a wide variability in personal exposures to dust: from 0.001 to 4.78 mg/m3, 
with geometric standard deviation (GSD) of 4.9 with low GM of 0.2 mg/m3.  As seen in Figures 1 
and 2, dust levels appeared to follow-log-normal distribution.  There also appears to be a peak 
in dust exposures on Mondays and Wednesdays (Figure 4).  It seems that there is more variance 
in exposure from day-to-day than between workers, suggesting that features of work that 
change from throughout the week and are not tied to workers’ individual work-style have 
disproportionate impact on levels of personal dust exposure.   This is confirmed by ANOVA 
between-worker geometric standard deviation (GSDB) of 1.3 and dwarfed by day-to-day within-
worker GSD (GSDW) of 10.2; p(GSDB≠1)=0.3.  This justifies ignoring clustering of measurement 
within workers in analysis of determinants of exposure to total dust.  
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Figure 1 – dust distribution   Figure 2 – log normal distribution 
In most cases, the slopes from simple linear regressions shown in Table 1 revealed that 
there was no correlation between time spent performing a task and dust content (slope = 0).  
The highest correlation between the two was seen in the “moving cages” task, where slope was 
found to be 0.032, (95%CI: -0.011, 0.076), illustrated in Figure 3.  This may be caused by exciting 
the bedding when moving cages and causing dust to be spread through the air.  Duration of 
specific tasks were examined in linear regression and individuals associations are illustrated in 
Appendix Figure 6-18, which also shows residual plots for each simple linear regression. 
 
Figure 3 – ln(dust mg/m3) vs minutes spent 
moving cages 
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Table 2 illustrates that the lowest dust exposures were seen among persons who 
performed “set-up” tasks (geometric mean, GM) of 0.08 mg/m3 is almost three times lower 
than for persons who did not perform this task (GM=0.23 mg/m3).  Sanitation appears likewise 
to be associated with reduced dustiness, which is most likely due to the fact that this is a 
cleaning task that is only performed once a month where rooms are wiped down with 
sanitation liquids.  However, feeding and watering the animals is associated with a three-fold 
increase in personal exposure (GM=0.21 mg/m3) compared to other tasks (GM=0.03 mg/m3).  
Other tasks did not appear to discriminate between individuals with different levels of personal 
exposure to dust.  All these effects are based on small numbers of observations and entail 
considerable variability: GSDs ranged 3 to 31.   Box plots shown in Appendix Figures 19-28 
generally corroborate these observations of tendency for difference in exposure to dust by 
tasks against background of considerable variability. 
Perceived level of exposure was not associated with personal exposure as seen in Figure 
5.  This suggests that you cannot ask people about how high their exposure to dust is because 
their answer will not be consistent with findings.  It is therefore paramount to measure 
exposure to dust and allergens directly in order to protect workers’ health. 
No association was found between number of animals present and dust exposure as 
shown in Appendix Figures 29-33. 
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Table 1: Summary of descriptive statistics of all potential determinants of exposure (minutes spent on 
a task) represented by continuous variables and association with ln(dust mg/m3) in simple linear 
regressions 
 
Mean 
(min) 
Std. 
Deviation 
(min) 
Percentiles (min) Slope 
Correlation 
Coefficient R 25 50 75 Estimate 
95% Confidence 
Interval (ln(mg/m3 
dust)/min) 
Cage Wash 103 151 0 0 266 0 -0.004 0.004 0.013 
Unpacking & 
Caging New 
Deliveries 
11 23 0 0 8 0.019 -0.008 0.045 0.263 
Feeding 
Animals 46 37 20 40 60 -0.01 -0.026 0.007 0.225 
Watering 
Animals 44 35 18 40 60 -0.01 -0.027 0.007 0.225 
Moving 
Cages 11 14 0 0 27 0.032 -0.011 0.076 0.278 
Autoclaving 5 22 0 0 0 -0.004 -0.032 0.024 0.058 
Changing 
Cages 29 33 0 25 45 -0.014 -0.032 0.004 0.291 
Sanitizing 
Rooms 17 43 0 0 0 0 -0.015 0.014 0.006 
Daily 
Observations 55 57 0 45 95 -0.012 -0.022 -0.002 0.413 
Break 75 82 0 60 109 -0.003 -0.01 0.005 0.144 
Setup for 
Future Days 37 62 0 0 60 -8.2E-05 -0.01 0.01 0.003 
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Table 2:  Summary of dust concentrations (mg/m3) in relation to reported tasks performed 
Task Performed / 
Equipment Used n 
GM 
GSD 
min max 
mg/m3 mg/m3 mg/m3 
Washing 
Cages 
no 20 0.188 4.595 0.012 4.775 
yes 10 0.190 6.144 0.001 0.682 
Set-up 
no 25 0.225 4.663 0.001 4.775 
yes 5 0.077 5.716 0.016 1.033 
Deliveries 
no 25 0.184 5.505 0.001 4.775 
yes 5 0.215 2.695 0.067 1.033 
Feed & 
Water 
no 3 0.070 31.382 0.001 0.682 
yes 27 0.210 3.826 0.012 4.775 
Move Cages 
no 7 0.161 9.380 0.001 1.030 
yes 23 0.198 4.084 0.012 4.759 
Autoclave 
no 21 0.250 3.714 0.012 4.759 
yes 9 0.097 7.812 0.001 0.644 
Change 
Cages 
no 6 0.138 10.738 0.001 0.951 
yes 24 0.204 4.047 0.012 4.759 
Sanitizing 
Rooms 
no 25 0.209 5.463 0.001 4.759 
yes 5 0.114 2.422 0.025 0.232 
Mask 
no 6 0.457 3.542 0.174 4.759 
yes 24 0.151 5.027 0.001 1.030 
Surgical 
Mask 
no 13 0.193 7.989 0.001 4.759 
yes 17 0.185 3.232 0.012 0.951 
N-95 Mask 
no 23 0.234 3.444 0.012 4.759 
yes 7 0.092 11.410 0.001 1.030 
Cage 
Dumping 
Station 
no 22 0.189 4.269 0.012 4.759 
yes 8 0.188 7.819 0.001 0.684 
Animal 
Transfer 
Station 
no 10 0.198 7.501 0.001 1.030 
yes 20 0.184 4.058 0.012 4.759 
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Figure 4a – worker dust exposure (mg/m3) by work day 
 
Figure 5 – ln(dust mg/m3) vs. exposure intensity perceived by worker [0,10] 
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3.2 Personal exposure to airborne allergens  
Analyses of associations of work features with exposure to specific allergens are 
displayed in Figures 44-88.  The results suggest that the number of rats and mice is related to 
level of rat and mice urinary allergens in the air (Figures 40 and 43).  Additionally, there is no 
relationship between levels of personal dust and allergen exposures (Figures 34 and 35).  Figure 
87 indicates that there is some benefit in performing rat and mouse urinary allergen analysis 
simultaneously. 
 
  Figure 86 (r = 0.1)    Figure 87 (r = 0.2) 
 
  Figure 88 (r = 0.01) 
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3.2.1: Mouse urinary allergen allergens 
 There was a wide variability in personal exposures to mouse urinary allergens: from 0.3 
to 39.0 ng/m3.  It seems that there is more variance in exposure from day-to-day than between 
workers, suggesting that features of work that change from throughout the week and are not 
tied to workers’ individual work-style have disproportionate impact on levels of personal dust 
exposure.  
In most cases, the slopes from simple linear regressions shown in Table 3 revealed that 
there was little correlation between time spent performing a task and mouse urine allergen 
content (slope = 0).  The highest correlation between the two was seen in the “moving cages” 
task, where slope was found to be 0.024, (95%CI: -0.014, 0.063), illustrated in Figure 48a.  
Again, this may be caused by exciting the bedding when moving cages and causing dust and 
allergens to be spread through the air.  The second highest correlation between time spent 
performing a task and mouse urine allergen was seen in the “unpacking and caging new 
deliveries” task, where slope was found to be 0.013 (95%CI: -0.014-0.040).  Duration of specific 
tasks were examined in linear regression and individuals associations are illustrated in Appendix 
Figure 44-54, which also shows residual plots for each simple linear regression. 
Table 4 illustrates that the lowest mouse urinary allergen exposures were seen among 
persons who performed the un-caging of delivery task (GM) of 0.4 ng/m3 is almost three times 
lower than for persons who did not perform this task (GM=1.0 ng/m3).  Wearing an N-95 mask 
is associated nearly with a five-fold increase in personal exposure (GM=2.5 ng/m3) compared to 
other tasks (GM=0.6 ng/m3).  Additionally, washing cages is highly associated with nearly a four-
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fold increase in personal exposure (GM=1.9 ng/m3) compared to other tasks (GM=0.6 ng/m3).  
Other tasks that are performed by this person, such as utilizing the cage dumping station, also 
showed high association.  Also, those that did not feed (GM=6.2 ng/m3) were seen having 
nearly a 12-fold increase in personal exposure compared to those that did feed (0.6 ng/m3).  
This was also seen in those not giving animals water (GM=3.4 ng/m3) versus those that did 
supply animals with water (GM=0.7 ng/m3).  All these effects are based on small numbers of 
observations and entail variability: GSDs ranged 3.8 to 7.1.   Box plots shown in Appendix 
Figures 66-75 generally corroborate these observations of tendency for difference in exposure 
to dust by tasks against background of considerable variability. 
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Figure 4b – worker mouse allergen exposure (ng/m3) by work day 
 
      Figure 48a 
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Table 3: Summary of descriptive statistics of all potential determinants of exposure (minutes spent on 
a task) represented by continuous variables and association with ln(mouse ng/m3) in simple linear 
regressions 
 
Mean 
(min) 
Std. Deviation 
(min) 
Percentiles (min) Slope 
Correlation 
Coefficient R 25 50 75 Estimate 
95% Confidence 
Interval 
(ln(ng/m3)/min) 
Cage Wash 100 155 0 0 255 0.004 0.000 0.007 0.346 
Unpacking & 
Caging New 
Deliveries 
10 21 0 0 0 0.013 -0.014 0.040 0.157 
Feeding 
Animals 46 36 20 40 61 -0.004 -0.020 0.012 0.081 
Watering 
Animals 39 35 8 40 58 0.003 -0.014 0.019 0.056 
Moving 
Cages 10 15 0 0 26 0.024 -0.014 0.063 0.208 
Autoclaving 4 20 0 0 0 -0.012 -0.042 0.018 0.134 
Changing 
Cages 29 32 0 24 46 0.010 -0.008 0.028 0.176 
Sanitizing 
Rooms 13 38 0 0 0 -0.015 -0.030 0.000 0.323 
Daily 
Observations 58 56 0 45 90 -0.010 -0.020 0.000 0.319 
Break 91 92 0 60 130 -0.008 -0.014 -0.002 0.423 
Setup for 
Future Days 33 57 0 0 53 -0.012 -0.021 -0.002 0.375 
#Mice 77 160 0 2 80 0.005 0.002 0.008 0.478 
#Rats 27 67 0 0 3 -0.005 -0.014 0.003 0.205 
#Rabbits 1 2 0 0 0 -0.008 -0.350 0.334 0.008 
#Piglets 1 2 0 0 3 0.098 -0.164 0.359 0.123 
#Cats 1 3 0 0 0 -0.100 -0.331 0.131 0.142 
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Table 4:  Summary of mouse allergen concentrations (ng/m3) in relation to reported tasks performed 
Task Performed / 
Equipment Used n n BDL 
GM 
GSD 
min max 
ng/m3 ng/m3 ng/m3 
Washing Cages 
no 27 17 0.582 4.853 0.155 19.000 
yes 12 3 1.927 6.810 0.160 24.000 
Set-up 
no 34 17 0.852 5.940 0.155 24.000 
yes 5 3 0.771 5.845 0.155 8.400 
Deliveries 
no 32 17 0.992 6.014 0.155 24.000 
yes 7 3 0.394 4.255 0.160 8.100 
Feed 
no 5 5 6.186 2.933 1.500 24.000 
yes 34 15 0.627 5.205 0.155 19.000 
Water 
no 6 5 3.364 5.903 0.160 24.000 
yes 33 15 0.653 5.244 0.155 19.000 
Move Cages 
no 11 3 0.355 3.853 0.160 5.900 
yes 28 17 1.179 6.064 0.155 24.000 
Autoclave 
no 28 13 0.733 5.779 0.155 19.000 
yes 11 7 1.193 6.036 0.165 24.000 
Change Cages 
no 9 3 0.601 6.403 0.160 13.000 
yes 30 17 0.930 5.730 0.155 24.000 
Sanitizing 
Rooms 
no 34 19 0.951 5.748 0.155 24.000 
yes 5 1 0.364 5.783 0.160 8.400 
Mask 
no 7 3 0.644 5.468 0.160 5.900 
yes 32 17 0.891 5.991 0.155 24.000 
Surgical Mask 
no 17 12 1.421 5.312 0.155 24.000 
yes 22 8 0.560 5.758 0.155 19.000 
N-95 Mask 
no 29 11 0.580 5.523 0.155 19.000 
yes 10 9 2.473 4.415 0.155 24.000 
Cage Dumping 
Station 
no 29 1 0.619 5.198 0.155 19.000 
yes 10 7 2.041 6.324 0.170 24.000 
Animal Transfer 
Station 
no 15 9 1.265 7.148 0.155 24.000 
yes 24 11 0.651 4.964 0.155 13.000 
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3.2.2: Rat urinary allergen allergens 
 There was a wide variability in personal exposures to rat urinary allergens: from 0.3 to 
39.0 ng/m3.  It seems that there is little variance in exposure from day-to-day as well as 
between workers, suggesting that features of work that change from throughout the week and 
are tied to workers’ individual work-style have proportionate impact on levels of personal rat 
urine allergen exposure.  
In most cases, the slopes from simple linear regressions shown in Table 5 revealed that 
there was no correlation between time spent performing a task and rat urine allergen content 
(slope = 0).  The highest correlation between the two was seen in the “moving cages” task, 
where slope was found to be 0.014, (95%CI: -0.005, 0.034), illustrated in Figure 59a.  This may 
be caused by exciting the bedding when moving cages and causing dust and allergens to be 
spread through the air.  Duration of specific tasks were examined in linear regression and 
individuals associations are illustrated in Appendix Figure 55-65, which also shows residual plots 
for each simple linear regression. 
Table 6 illustrates that the lowest rat urinary allergen exposures were seen among 
persons who performed cage wash, set-up, autoclave, and cage dumping tasks (GM) of 0.3 
ng/m3 is almost two times lower than for persons who did not perform this task (GM=0.5 
ng/m3).  Wearing an N-95 mask appears likewise to be associated with reduced rat urinary 
allergen exposure.  However, new animal deliveries is associated with a two-fold increase in 
personal exposure (GM=0.83 ng/m3) compared to other tasks (GM=0.42 ng/m3).  Additionally, 
sanitizing the rooms is highly associated with a greater than two-fold increase in personal 
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exposure (GM=1.015 ng/m3) compared to other tasks (GM=0.427 ng/m3).  All these effects are 
based on small numbers of observations and entail variability: GSDs ranged 1 to 8.   Box plots 
shown in Appendix Figures 76-85 generally corroborate these observations of tendency for 
difference in exposure to dust by tasks against background of considerable variability. 
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Figure 4c – worker rat allergen exposure (ng/m3) by work day 
 
Figure 59a 
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Table 5: Summary of descriptive statistics of all potential determinants of exposure (minutes spent on 
a task) represented by continuous variables and association with ln(rat ng/m3) in simple linear 
regressions 
 
Mean 
(min) 
Std. Deviation 
(min) 
Percentiles (min) Slope 
Correlation 
Coefficient R 25 50 75 Estimate 
95% Confidence 
Interval 
(ln(ng/m3)/min) 
Cage Wash 100 155 0 0 255 -0.002 -0.003 0.000 0.261 
Unpacking & 
Caging New 
Deliveries 
10 21 0 0 0 -0.001 -0.015 0.014 0.012 
Feeding 
Animals 46 36 20 40 61 0.002 -0.007 0.010 0.066 
Watering 
Animals 39 35 8 40 58 0.004 -0.005 0.012 0.135 
Moving 
Cages 10 15 0 0 26 0.014 -0.005 0.034 0.236 
Autoclaving 4 20 0 0 0 -0.004 -0.019 0.011 0.088 
Changing 
Cages 29 32 0 24 46 0.001 -0.009 0.011 0.034 
Sanitizing 
Rooms 13 38 0 0 0 0.007 0.000 0.015 0.298 
Daily 
Observations 58 56 0 45 90 -0.001 -0.007 0.004 0.092 
Break 91 92 0 60 130 -0.002 -0.005 0.001 0.226 
Setup for 
Future Days 33 57 0 0 53 0.006 0.001 0.011 0.368 
#Mice 77 160 0 2 80 0.000 -0.002 0.001 0.074 
#Rats 27 67 0 0 3 0.009 0.006 0.012 0.664 
#Rabbits 1 2 0 0 0 -0.091 -0.256 0.084 0.171 
#Piglets 1 2 0 0 3 -0.099 -0.231 0.033 0.242 
#Cats 1 3 0 0 0 -0.030 -0.151 0.090 0.082 
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Table 6: Summary of rat allergen concentrations (ng/m3) in relation to reported tasks performed 
Task Performed / Equipment 
Used n n BDL 
GM 
GSD 
min max 
ng/m3 ng/m3 ng/m3 
Washing Cages 
no 27 4 0.562 2.871 0.300 39.000 
yes 12 0 0.330 1.068 0.300 0.370 
Set-up 
no 34 4 0.506 2.609 0.300 39.000 
yes 5 0 0.318 1.044 0.300 0.335 
Deliveries 
no 32 2 0.422 1.713 0.300 3.200 
yes 7 2 0.830 6.126 0.310 39.000 
Feed 
no 5 0 0.321 1.059 0.305 0.350 
yes 34 4 0.506 2.611 0.300 39.000 
Water 
no 6 0 0.321 1.053 0.305 0.350 
yes 33 4 0.512 2.641 0.300 39.000 
Move Cages 
no 11 1 0.405 1.660 0.310 1.800 
yes 28 3 0.508 2.786 0.300 39.000 
Autoclave 
no 28 4 0.549 2.833 0.300 39.000 
yes 11 0 0.333 1.077 0.300 0.370 
Change Cages 
no 9 1 0.416 1.752 0.310 1.800 
yes 30 3 0.497 2.698 0.300 39.000 
Sanitizing 
Rooms 
no 34 2 0.427 1.773 0.300 3.200 
yes 5 2 1.015 7.959 0.320 39.000 
Mask 
no 7 1 0.500 1.956 0.320 1.800 
yes 32 3 0.472 2.613 0.300 39.000 
Surgical Mask 
no 17 1 0.383 1.604 0.300 1.800 
yes 22 3 0.565 3.061 0.300 39.000 
N-95 Mask 
no 29 4 0.549 2.770 0.300 39.000 
yes 10 0 0.318 1.055 0.300 0.350 
Cage Dumping 
Station 
no 29 4 0.539 2.795 0.300 39.000 
yes 10 0 0.334 1.065 0.305 0.370 
Animal Transfer 
Station 
no 15 0 0.351 1.324 0.305 0.950 
yes 24 4 0.577 3.011 0.300 39.000 
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CHAPTER 4 DISCUSSION 
Consistent with the literature, our results suggest that it is difficult to identify tasks 
related of personal exposure to total dust among laboratory animal facilities (Nieuwenhuijsen, 
Gordon et al. 1994).  However, it is interesting to note the low exposures of those performing 
set-up tasks and sanitation.  On days when set-up was performed, the filters would usually turn 
a yellowish color, most likely due to the corn cob cage bedding.  However, the dust from the 
animals must have been heavier than the dust that was released during this operation.  
Sanitation is a task which is performed only once a month.  We were lucky to be able to capture 
this experience during the week that we sampled at the second location.  The dust 
concentrations in the air are believed to be lower during this time due to the methods of 
sanitation.  As seen similarly in bakers, using “wet” methods of flour, and in our case dust, 
removal seemed to lower the exposure (Baur 1999). 
It is unknown why workers experienced higher levels of dust exposure on Wednesdays.  
For workers 10 and 11 this is common since they only performed work on a Monday and 
Wednesday, but the matter is confused by the fact that they performed more cage changes on 
the Monday than they did on the Wednesday, a task that was expected a priori to be associated 
with more dust generation (though not according to our results in Tables 1 and 2).  However, a 
great deal of cages were moved on Wednesdays, which may have added to the increased dust 
exposure, since moving cages showed the greatest correlation with personal dust exposure. 
Mouse urinary allergen exposure was found to be highest among those moving cages 
and those that performed cage-washing tasks.  These were workers who did not change cages 
or utilize an animal transfer station, feed or water animals, and utilized the cage dumping 
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station.  Additionally, these workers were typically the only individuals that wore N-95 masks 
throughout the day, an action that was seen to have a significant correlation with increased 
exposure.  These findings were similarly found in rat urinary allergen exposure, indicating that 
the cage washers typically have the highest exposure to allergens.  However, they are also 
utilizing the most amount of PPE when compared to other workers.   
At facility 2 where the allergen results were most noticeable, worker 6 most often 
changed mice cages while worker 7 most often changed rat cages.  Worker 6 changed the most 
mouse cages on Monday and Tuesday, values which correspond with the mouse allergen 
concentration graph.  Worker 7 changed the most rat cages on Monday and Thursday, and 
again these values corresponded with the rat allergen concentration graph.  It is also interesting 
to note that the cage washer, worker 5, showed higher exposure to mouse allergens the two 
days after mouse cages were changed, which makes sense because those cages would most 
likely be washed the following day.  The findings for these workers are consistent with other 
studies that have looked at urinary allergens.  For example, Nieuwenhuijsen & Gordon et al. 
(1994), among other studies have found that tasks associated with high exposure were cleaning 
out cages and handing animals while those with lower exposures involved tasks in the animal 
rooms without major animal disturbances.  Also, lower allergen exposure having a positive 
relationship with working with lower number of rats and mice is consistent with the 
literature(Nieuwenhuijsen, Gordon et al. 1994).  Lastly, Figures 38 and 39 are suggestive that 
the number of cages dumped and washed show correlation with increasing exposure to mouse 
allergens. 
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There were several limitations to this study.  One of the largest problems was that many 
of the filter weights registered as negative values.  This may be due to a lower flow rate or error 
in recording.  This was adjusted for during the study by increasing the flow rate.  Data collection 
may have also been a source of error due to procedural difficulties.  We so far did not identify 
very strong predictors of dust and allergen exposures even though our study appears to be 
adequately powered when compared to similar investigations in the field.  However, if 
exposures at the studied laboratories are as low as reasonably achievable then indeed we will 
not be finding any important modifiable predictors of exposure levels left beyond random 
fluctuations of dust and allergen concentrations in the air.  This is plausible because a very 
comprehensive set of determinants of exposure was examined that in a similar yet poorly 
controlled setting explained a great deal of variability in exposure levels (Burstyn, Teschke et al. 
1997; 1998). 
There are already several exposure controls in place in these facilities.  There are cage 
dumping stations and animal transfer stations at both facilities.  In each of these cases, there 
was no difference in dust exposure with or without utilization, suggesting that personal dust 
exposure may be already well-controlled.  Also, the cage washers were in a substantially wetter 
environment than the other workers, indicating that this task may be an already well-protected 
job.  This matter can be studied further by comparison to exposures in a facility that lacks these 
exposure control measures entirely. 
This study is important because it opens up research on the comparison of worker tasks 
and their exposures in an animal laboratory setting in Pennsylvania.  It produced baseline data 
that can help evaluate ongoing efforts at the facilities to minimize workers’ exposure to 
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allergens and establish acceptable exposure standards.  Future research might include 
investigating the allergens produced by other animals, the allergen content of the beddings, 
and on-going exposure surveillance. 
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Appendix 
Form 1 
Questionnaire: 
Worker ID______________________ 
Date_______________________ 
Day of Week____________________ 
Did you engage in the following work duties today? (Check all that apply) 
Cage Wash  YES  NO 
 
Unpacking & Caging New Deliveries   YES  NO 
 
Daily Observations  YES  NO 
 
Feeding Animals  YES  NO 
 
Watering Animals  YES  NO 
 
Moving Cages  YES  NO 
 
Autoclaving  YES  NO 
 
Changing & Sanitizing Cages  YES  NO 
 
Other________________________ 
 
 
How many cages did you dump today? ________________  Change?__________________ 
 
What types of animals did you come in contact with today? (Check all that apply) 
• How many would you estimate?  (Please write # in space provided) 
 
Mice  YES  NO _________________ 
 
Rats  YES  NO _________________ 
 
Rabbits  YES  NO _________________ 
 
Piglets  YES  NO _________________ 
 
Felines  YES  NO _________________ 
 
Other___________________        _________________ 
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Did you utilize the following while working today? (Check all that apply) 
 
Scrubs and/or lab coat   YES  NO 
 
Gloves   YES  NO 
 
Mask   YES  NO 
 
If YES,  Surgical     YES  NO 
 
Fit-tested Respirator      YES  NO 
 
Cage-dumping Station   YES  NO 
 
Animal Transfer Station   YES  NO 
 
 
What level of allergen exposure do you believe you experienced today? 
 
 
0 1 2 3 4 5 6 7 8 9 10 
None Low          Medium     High 
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Sample ID:   Table 3: Checklist of tasks performed by laboratory animal care staff    
Date: ________/________/2011           
              
Hour Time Cage Wash Unpacking & Caging New Deliveries 
Feeding 
Animals 
Watering 
Animals 
Moving 
Cages Autoclaving 
Changing 
Cages 
Sanitizing 
Rooms 
Daily 
Observations Break 
Setup 
for 
Future 
Days 
Comments 
1 
0-15             
15-30             
30-45             
45-60             
2 
0-15             
15-30             
30-45             
45-60             
3 
0-15             
15-30             
30-45             
45-60             
4 
0-15             
15-30             
30-45             
45-60             
5 
0-15             
15-30             
30-45             
45-60             
6 0-15             
39 
15-30             
30-45             
45-60             
7 
0-15             
15-30             
30-45             
45-60             
8 
0-15             
15-30             
30-45             
45-60             
Comments             
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